Sa.mmary
The inbred mouse strain DDD was found to have aJl e.xtremely high incidence of hydronephrosis (37/37 in adult males and 12/32 in adult females). Theltyd.ronephrosis was cla·ssified as open with no definHe canSe .for obstruction. The condition was either unilateral in the right kidney or bilateral. ARother feamre of the hydronephrotic kidney was circUlatory CaRure. Hydronephrosis in strain DDD mice is considered to be a useful experimental IIillimal model with additional possible use, b1 investigating disturbances of renal haemodynamics ap.d function.
HYdronephrosis is observed not only in man, mouse and rat but also in the pig, cat, dog, and sheep (Hinman, 1970; Smith et al., 1972; Dennis, 1979) . The disease is characterized by renal pelvic dilatation and atrophy of the parenchyma. In addition, hydronephrosiS often results in secondary distu1'ba.nces such as uraemia and complications of hacterial infection or urinary calculi.
To investigate hydronephrosis it is necessary to establish an experimental animal model. Experimental ureteral ligation in' the dog and naturally occurring hydronephrosis in some strains, of the mOuse and rat have been used. A more satisfactory model, becaUSe of the easy maintenance and handling, is a strain of mice in which hydronephrosis occurs naturally. This paper describes hydronephrosis with a high incidence in mice of the inbred strain DDD, and compares it with other types of hydronephrosis in laboratory mice and 'rats.
Materials and methods

Mice
Male and female DDD mice were examined at the age of SO (6 males and 4 females), I SO (20 males and! 11 females) and 200 days (II males and 11 females). Suckling mice between 0 to 21 days of age were also sacrificed in order to determine the time of onset of hydronephrosis. Inbred strains of mice, RR and! C57BL/6, OJ: outhred CF#l mice, were comp . .ar~d asoontrol strains. The mice wete given a'peUeted diet (eMF; Oriental R~cf41Jed12 August 1982. Accepted 22 November 1982.
Yeast Co., Ltd) and drinking water ad libitum. Cages and bedding materials were changed twioe a
week. Rooms were air-conditioned at 25 ± 1°C with humidity of 55 ± 5%.
Water intake and urine output Each adult mouse was housed ina metabolic cage (Okazaki Sangyo Co.. , Ltd) for 24 hours in orlier to measure water intake and urine output. MiCe which showed markedly biased values were 1'6measured after 24 h of normal housing.
Urinary findings
, Collected urine samples from all of the adult mioe were checked for pH, sugar, protein, ketone bodies and masked blood with Labstick:s (MileS Co., Ltd).
Urography
Each adult mouse was anaesthetized with pento· barbitone and inj!ected intraV'enouslY with 0·2 ml of Urografins 60% (Schering A.G.). After 10 min, a soft X·ray photograph was taken at 25 kilovolts and 7' 5 milliamps.
Angiorenography
In addition, mice with various degrees of hydro· nephrosis were screened by uto.graphy. The mice were perfused with 40% barium sulphate in 10% gelatin under pentobarbitone anaesthesia. The kidneys were fixed in 10% cold buffered formalin, and sliced for soft X.ray photography.
Pathological examination
The mice were sacrificed atl.d examined macroscopically, the tissues fIXed with 10% buffered formalin and the blocks embedded in paraffin wax. The paraffin sections we-re stained with haematoxylin and eosin.
Results
Water intake and urine output
The results of wate.r intake and urine output in both the male and female DDD mice aged 50 days were almosit the same as those in the control strains of mi<oe.'The qUaJJ!t1ty of the urine at 150
Or 200 days was more than that of the controls and variable (Fig. I ). There was a pQsitive correla- 
Urinary findings
In the urine samples from the DOD or CF#1 mice, pH values ranged from 6 to 7 and protein from + to ++; in the RR or C57BL/6 mice, the pH value was 6 and the protein was +. Tests for sugar, ketone bodies or occult blood were negative in all the strains of mice, except for ketone bodies in the female C57BLj6 miCE.,There were no marked differences between findings in the ODD mice and those of the control groups.
Urography
The dilated renal pelvis and ureters of mice with hydronephrosis were clearly observed by urography without sacrificing the animals. The grade of the dilatation of the renal pelvis and the ureter corresponded with the degree of hydronephrosis. The kidneys with mild involvement showed slight enlargement in the renal pelvis and the upper ureter. In the kidneys with moderate or severe involvement the pelvis appeared funnel-shaped with indentations and a swollen neck. The indentations corresponded to the interlobular blood vessels and the neck to the upper ureter (Fig. 2) . The degree of dilatation of the renal pelvis as seen by urography was slightly exaggerated when compared with the autopsy findings. There were no significant findings in the control mic'~strains. In addition the numbers of the lumbar vertebrae were counted; the number in the DDD mice was usually 6 and it had no correlation with the severity of the hydronephrosis. No abnormality was recognized in the remainder of the skeletal system.
Incidence of hydronephrosis and gross lesions
All the male DOD mice aged 50 to 200 days showed hydronephrosis in their right kidney. Bilateral hydronephrosis in the males Vias seen in 30 cases (30/37, 81%); in these cases, it was always more severe in the right kidney than in the left. Less severe hydronephrosis was found in 12 females (40%). Bilateral hydronephrosis was found in only one female. Macroscopically, the afff:cted kidney was enlarged with: dilatation of the Tenal pelvis conttinina cleat urine. The renal parenchyma was thin, due to atrophy, and the renal papilla was present han~i free in the lumen of the dilated renal pelvis. The seve.rity of hydronephrosis varied. The kidneys with severe hydronephrosis were markedly enlarged, up to 10 times normal size, and were transparent enough to reveal dilated renal blood vessels. The kidneys with moderate hydronephrosis . had a mild atrophy in the cortex.
Severe atrophY of the medulla exposed interlobular blood vessels in the lumen of the pelvis, .In mild cases, dilatation of the renal pelvis was apPaIent (Fig. 3) . Hydronephrosis was aSSociated with dilatation of the upper ureter. No abnormality wa.s recognized in the lower ureter or urinary bladder. There was no correlation between the hydroureter and the blood vessels lying across or near the ureter. 
Histopathology
Microscopically, hydronephrotic kidneys showed atrophy of the renal parenchyma and dilatation of the pelvic cavity. I The atrophy was more pronounced in the medulla than in the cortex, demarcated by the arcuate zone vessels, which were often congested (Fig. 4) . The epithelial cells of the tubules showed no degenerative changes except atrophy, and the number of glomeruli per unit area did not seem to be decreased. Mild lymphocytic accumulation was occasionally found in the interstitial tissues. Fibrosis was minimal, and the ureter and urinary bladder showed no changes. 
Anglorenography
Dilatation of the blood vessels was seen to be parallel with the severity of the hydronephrosis. Atrophy WaS mOTe marked in the medulla, demarcated by the arcuate vessels (Fig. 5) .
Ona,t of hydronephrosis
Hydronepbrosis was detacted in all the male DDD mic$ aged 50 days or more. In the suckling or infant male DDD mice, it was also detected in Pig. 5. AAgi~e.nogra'PJly with soft X-ray. DUatation of the blood vesS!llsis clear coincidentally with the severity of hydronepltrosis. Lower leIt is control.
3/7 of 0-1 day old, 7/14 of 3-4 days, 6/7 of a week, 2/5 of 2 weeks and 5/9 of 3 weeks respectively, while it was found in 1/35 of the female suckling DDD mice and 1/45 of the suckling C57BL/6 mice of both sexes.
Discussion
From these findings, the hydronephrosis in DDD mice was characterized as follows; in the adult male it was always found in the right kidney and was frequently bilateral, and it was also found in the adult female. It was classified as open hydronephrosis without definite causes for obstruction such as urinary calculi or malformation of the genital or skeletal system. Although affected mice were clinically free from any signs, even in the urine, the results from angiorenography suggested that they had disturbances of renal blood flow. The present study also revealed that diagnosis could be made by urography without sacrificing the animals. Furthermore, the DDD strain mice were easy to maintain and breed because of their fast growth (Goto et at., 1977) . Hydronephrosis in laboratory mice and rats may be roughly divided into two types. The first type is secondary to a definite obstruction in the urinary tract. Misconnection of the ureter to the vasa deferentia by faulty development of the mesonephric ducts in ACI/N rats (Fujita et at., 1979) , plugs in the urethra in STR/N older male mice (Silverstein et aZ., 1962) or in 3 strain's of mice in a colony (Babcock & Southam, 1965) , and tortuous ureter of mutant, lx, my, Os, Xpt, se or Dh mice (Carter, 1953; Searle, 1964; Wallace & Spickett, 1967; Sweet & Lane, 1980) were found to be causes for hydronephrosis.
The second type of hydronephrosis observed in laboratory mice and rats had similar features to each other (Collins et at., 1972; Taylor & Fraser, 1973; Warner, 1971; Astrabadi & Bell, 1962; Burton et aZ., 1979; Cohen et at., 1970; Lozzio et aZ., 1967; Kentera et al., 1977; Kihlstrum & Clements, 1969; O'Donoghue & Wilson, 1977; Sellers et at., 1960) . This type of hydronephrosis had a tendency to be more frequent in males than in females and in the right kidney rather than in the left, except"in NZC mice (Warner, 1971) . The incidence varied in each strain. There appeared to be a relation between the incidence or onset of hydronephrosis and its inheritance. A number of theories has been proposed to explain the mechanism of onset of this type of hydronephrosis. Sellers et aZ. (1960) claimed that hydronephrosis was produced by partial constriction of the right ureter by the spermatic artery. However, O' Donoghue & Wilson (1977) pointed out that hydronephrosis was not a consequence of simple Nakajima, Imamura, Onodera, Motoi & Goto obstruction by the blood ves~.els, because they .found hydronephrosis even after surgical obstruction of the artery. Cohen et at. (1970) considered that asynchrony of the constrictions between the renal pelvis and the ureter mi:~t be a cause of hydronephrosis, but they were unable to prove their hypothesis. The mechanism of the partial obstruction of the urinary sy,tem has not yet been elucidated.
Hydronephrosis in our DDD mice belonged to the second type; we also were unable to find its definite mechanism. Lozzio et G'l. (1967) observed 3 types of macroscopic lesion, i.~. a solitary macrocyst, hydronephrosis and cicatricial scars on the surface of the kidney as the morphological changes in the hereditary renal disease of Gunn' rats. In comparison with this, hydronep:uosis in DOD mice starts with atrophy of the m{:dulla, then disappearance of the medulla and atrophy of the cortex occur. It develops slOWly without obvious reactive changes and then stops. Pathogenesis of this condition needs further elucidation, One of the characteristics of this type of hydronephrosis was the circulatory failure in the kidney suggested by angiorenography. Persistent congestion or disturbance of blood S'lpply by increased intrarenal pressure may induce ischaemic atrophy in the renal medulla (Hinman, 1970) . Schwartz et aZ. (1977) also confirmed that obstruction by ligation of the inner medullary vessels of the ureter played an important role in causing atrophic changes of the renal medulla in experimental acute hydronephrosis in the rat. In the DDD mice renal circulatory failure is thought t,) have a close relationship to the development of the lesions.
Experimental hydronephrosis can be induced in animals by ureteral ligation. However, a more satisfactory laboratory model of hydronephrosis would be an animal strain in which the disease occurred naturally with a high. incidence. Moreover, hydronephrosis from a:1 undefined cause could be more desirable becau:;e of the simplicity of the experimental model. The adult male mice of DDD strain used in this stu dy are easily maintained and bred. We consider that this strain is also a useful animal model for investigation of renal circulatory failure or function of the renal medulla.
